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We analyze the Chiral Magnetic Effect for non-Hermitian fermionic systems using the biorthogonal
formulation of quantum mechanics. In contrast to the Hermitian chiral counterparts, we show that
the Chiral Magnetic Effect may take place in thermal equilibrium of an open non-Hermitian system
with, generally, massive fermions. The key observation is that for non-Hermitian charged systems,
there is no strict charge conservation as understood in the Hermitian case, so the Bloch theorem
preventing currents in the thermodynamic limit in equilibrium does not apply.
Introduction.- The Chiral Magnetic Effect (CME) is
the generation of an electric current J in the presence
of an external magnetic field B in a system of massless
(Weyl) fermions with a (chiral) imbalance in densities
between left- and right-handed chiralities [1]:
⟨J⟩ = e2
2pi2
µ5B. (1)
The mismatch in populations of left- and right-handed
Weyl nodes is encoded in the difference between their
chemical potentials, µ5 = µL − µR.
The effect plays an essential role in a wide number of
physical systems ranging from astrophysical and quark-
gluon plasmas to chiral materials [2]. Its potential ex-
istence in a thermodynamic equilibrium is an important
question due to the fact that the current (1) is a topolog-
ically protected and hence non-dissipative quantity even
in the presence of strong interactions [2].
In general, two ways have been proposed to get a
nonzero chiral chemical potential µ5: (i) Applying par-
allel electric E and magnetic B fields simultaneously so
that the chiral anomaly creates a charge imbalance be-
tween the Weyl nodes; (ii) Splitting the positions of the
left- and right-handed Weyl nodes in energies R ≠ L.
In the former case the electric field drives system into a
stationary but not equilibrium state while in the latter
case the CME current is zero anyway because the “con-
sistent” version of the CME current (1) gets cancelled by
an extra term coming from the Bardeen polynomial [3].
While the non-equilibrium situation has been explored
extensively in the literature leading, for instance, to the
celebrated negative quadratic magnetoresistivity in Weyl
metals, the equilibrium scenario appears to be not pos-
sible, and to date there is consensus that the CME (1)
does not exist in thermodynamic equilibrium[4–6].
The statement of absence of the CME in equilibrium
can be seen as an extension of a no-go theorem given by
Bloch, concerning the existence of equilibrium currents
in solids in the thermodynamic limit [7]. This theorem
has been extended to chiral matter in Ref. [5], and refined
in Ref. [6] (the absence of CME in equilibrium using the
chiral kinetic formalism has been obtained in Ref. [4]).
There are three elements usually associated to this
theorem in chiral matter: (i) the assumption that the
system is in the equilibrium state, (ii) the existence of
Weyl nodes that always come by pairs [8, 9], and (iii)
the Hermiticity of the Hamiltonian. As we have men-
tioned, it is known how to break the first condition and
drive the system out of equilibrium. Recently, it has
been proposed that the second assumption of having pair-
wise Weyl nodes can be broken in Weyl superconductors,
where an external magnetic field induces a gap in one of
the Weyl nodes (and its particle-hole conjugate), leaving
effectively a single Weyl node [10]. However, we stress
here that the presence of Weyl nodes is not a strict re-
quirement to the absence (or presence) of CME [6, 11]. In
our paper we explore the third option by considering the
CME in equilibrium non-Hermitian fermionic systems.
Nowadays there is a surge of interest in non-Hermitian
systems for many different reasons, ranging from very
fundamental questions in the quantum (and statistical)
theory of fields and the role of topology in non-Hermitian
systems[12–14], to applied science. Among them, spe-
cially interesting are the non-Hermitian systems that dis-
play a real spectrum, as the PT -symmetric systems or
the quasi-Hermitian systems. Although non-Hermitian,
they display a unitary evolution, and it is possible to
define a consistent thermodynamics for them [15].
The model.- The model we will study is a non-
Hermitian extension of the massive Dirac model in (3+1)
dimensions, where, together with the usual mass term, an
anti-Hermitian mass m5 is introduced [16–20]:
H = α ⋅ k +mβˆ +m5βˆγ5. (2)
The advantage of this model is that the two first terms
of the right hand side of Eq.(2) are Hermitian by them-
selves, so the only non-Hermitian term is m5βˆγ5.
It is already stated in the literature that non-Hermitian
Hamiltonians are, in general, not gauge-invariant opera-
tors in a sense the vector (electric) current is not a con-
served quantity. Physically, the situation corresponds to
an open system possessing sinks and sources of electric
charges. Mathematically, the non-conservation of elec-
tric current can be viewed as the fact that the Noether
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2theorem relating continuous symmetries and conserved
currents in field theories, does not hold in non-Hermitian
systems [19–21]. For this reason, there is some arbitrari-
ness when defining a coupling to electromagnetic fields in
the Hamiltonian (2). In the present work, we are inter-
ested to compare our results with the ones in Hermitian
systems, so that we consider the coupling to electromag-
netic fields to the model (2) with m5 = 0, which is Hermi-
tian (and the principle of local gauge invariance holds),
and later we switch on the non-Hermitian term m5βˆγ5.
The non-conservation of the vector current, caused by
presence of sinks and sources in open non-Hermitian sys-
tems it is not directly related to explicit, spontaneous or
anomalous mechanism of symmetry breaking known in
Hermitian theories (see, for example, Ref. [20]).
On general grounds, the time dependence of any oper-
ator O can be constructed using the Heisenberg picture
(please note that, now since H ≠ H†, both H and H†
appear in the time evolution of O):
O(t) = eiH†tOe−iHt. (3)
The time variation of O(t) is then as follows:
dO(t)
dt
= ieiH†t (H†O −OH) e−iHt. (4)
For Hermitian systems, H† = H and we recognize
the commutation with H as the condition any opera-
tor must satisfy to be a conserved quantity. For non-
Hermitian systems, we immediately see that an operator
is a conserved quantity if, instead of commuting with the
Hamiltonian, it fulfills the quasi-Hermiticity condition:
H†O = OH so O˙ = 0. In the case of the U(1) charge
symmetry, it is clear that the generator of this symme-
try in Hermitian systems commutes with H but does not
satisfy the quasi-Hermiticity condition, so it is not a con-
served quantity for non-Hermitian systems. As we will
see below it is possible to find operators that, while not
commuting with H, satisfy the quasi-Hermiticity condi-
tion, thus defining conserved quantities.
Computation of the Chiral Magnetic Effect with
biorthogonal quantum mechanics.- Here we will tackle
the problem of computing the CME for the non-
Hermitian model in Eq.(2), using the biorthogonal quan-
tum mechanics formalism. Within this formalism, we
distinguish between the eigenstates of the Hamiltonian
H: Hψ` = ε`kψ`, their complex conjugates: ψ+`H† = ψ+`ε`k,
the biorthogonal states φ`: H
†φ` = ε`kφ`, and their com-
plex conjugates, φ+`H = ε`kφ†`. The point is that, be-
cause H is not Hermitian, ψ` ≠ φ`, and ψ†` ≠ φ†`. Also,
for the same lack of Hermiticity, the states are not or-
thogonal ⟨ψ†` , ψ`′⟩ ≠ δ``′ , where ⟨⋅, ⋅⟩ is the standard
scalar product in the corresponding Hilbert space. How-
ever, the state sets ψ` and φ` form a biorthogonal basis:⟨ψ†` , φ`′⟩ = ⟨φ†`, ψ`′⟩∝ δ``′ .
For the model (2) we can define a metric operator
η, that not only fulfills the quasi-Hermiticity condition,
ηH =H+η but it is also a positive definite quantity. The
existence of such operator simplifies the construction of
the biorthogonal basis sets, since these two bases are re-
lated to each other through η:
φ` = 1⟨ψ†` , ηψ`⟩ηψ`, (5)
with the normalization ⟨ψ†` , φ`′⟩ = ⟨φ†`, ψ`′⟩ = δ``′ . For the
Hamiltonian at hands (2), such metric operator η turns
out to be η = 1+m5
m
γ5[20]. The existence of a metric oper-
ator allowing us to construct a well-defined inner product
in the corresponding Hilbert space, defines a unitary time
evolution of the states, as long as the energy spectrum
is real. As we will see below, the latter condition is sat-
isfied in the PT -unbroken phase of the model (2) in the
mass strip m25 ⩽ m2 similarly to its continuum counter-
part [20]. Therefore, a consistent description of quantum
mechanics is allowed for the non-Hermitian system.
Another relevant consequence of the existence of the
metric operator is that η is a conserved quantity, since,
as we mentioned, the matrix η fulfills the pseudo-
Hermiticity condition, although η does not commute with
H[22] (and η itself allows for a construction of a unitary
evolution). There are thus two points to pay attention to.
First, as it is done in Hermitian statistical mechanics,
we can define a Lagrange multiplier µ associated to the
operator η, viewed as a conserved quantity, that plays
the role of the chemical potential. We thus can define
the new Hamiltonian
H =H − µη. (6)
The dispersion relation of H for non-zero chemical poten-
tial can be seen in Fig. 1. Of course, now due to the non-
Hermitian nature of the problem, conserved quantities as
η do not to commute with H, but satisfy the aforemen-
tioned pseudo-Hermiticity condition. However, the pos-
sibility of finding a common basis between H and any
operator only exists if that operator commutes with the
Hamiltonian, irrespective of the Hermiticity of H. This
means that, we will not be able to find a common basis
for η and H in terms of the eigenstates of the number
operator, as it happens in conventional Hermitian Quan-
tum Mechanics, so we will have to build the biorthogonal
basis by diagonalizing H instead of H.
Second, from the perspective of constructing a ther-
mal equilibrium ensemble, the lack of Hermiticity in the
system is not a problem, since the requirement the one-
particle correlation function built from the biorthogonal
basis must fulfill is to satisfy the KMS periodicity con-
dition [23], since it is known that states satisfying such
boundary condition are thermal equilibrium states [23–
25]. The point is to notice that, for non-zero µ, the time
3"s,⌧µ (k)
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Figure 1. (color online) Band structure of the non-Hermitian
Hamiltonian H at finite chemical potential and zero magnetic
field. Contrary to Hermitian systems, the presence of chemi-
cal potentials modifies strongly the energy spectrum.
evolution of any field operator is done through the ex-
ponential of H (and not of H) so then the one-particle
correlation function will satisfy the KMS boundary con-
dition and we will be able to built an equilibrium en-
semble. Also, it is important to notice that the electro-
magnetic field B is not treated as a perturbation, but it
is already included in the spectrum of (6)), despite the
fact we have a non-Hermitian system [26]. In the Sup-
plementary Material we provide an explicit proof that
the non-Hermitian system (2) and (6) satisfies the KMS
condition. Also, this fact has been pointed out in the
existing literature of non-Hermitian systems [27].
The equilibrium thermal average of any observable O,
⟨O⟩ = e2B3
4pi2
∑
ωn
∫ ∞−∞ dk3 Tr [OG0(iωn, k3)], (7)
may be expressed, in our case, via the single-particle
propagator in imaginary time:
G0(iω, k3) = ∑` ψ`φ†`
iω − ε`µ(k3) , (8)
where (ψ`, φ`) are the biorthogonal sets of single-particle
eigenstates of the model (6) in the presence of an external
magnetic field B = B3zˆ: Hψ` = ε`µ(k3)ψ` and H†φ` =
ε`µ(k3)φ`. The generic label ` = {τ, s, n} comprises the
band (particle/hole) label τ , the spin index s, and the
Landau level index n.
For operators defined as O = ∂H
∂λ
, we can generalize the
Hellmann–Feynman theorem to the biorthogonal basis
(See Supplementary Material), if the eigenstates are real:
⟨φ†`,Oψ`⟩ = ⟨φ†`, ∂H∂λ ψ`⟩ = ∂ε`∂λ , (9)
obtaining, after performing the Matsubara summation,
⟨O⟩ = e2B3
4pi2
∑`
,n
∫ ∞−∞ dk3 ∂ε`,nµ (k3)∂λ nF (ε`µ(k3)), (10)
Figure 2. (color online) Landau level spectrum for the non-
Hermitian model for a finite chemical potential µ. Finite val-
ues of µ shift the LLL spectrum (red) not only upwards or
downwards, but also laterally. It is the lateral shift that makes
the contribution from the LLL to be non-zero for the CME.
where nF (x) is the Fermi distribution function in absence
of the chemical potential. The chemical potential is part
of the spectrum. Also, in Eq.(10) we have used the fact
that the degeneracy of each Landau level is 2pieB3.
For the case of CME, J3 = ∂ε`µ(k3)∂k3 , so
⟨J3⟩ = e2B3
4pi2
∑`∫ ∞−∞ dk3 ∂ε`µ(k3)∂k3 nF (ε`µ(k3)). (11)
The dispersion relation for the LLL (n = 0) sector is:
ετ,0µ (k3) = −µ + τ√(k3 − m5m µ)2 +m2 −m25, (12)
where τ = ±1 is a particle/hole label. For n > 0, we have
ετ,s,nµ (k3) = −µ + τ√(√k23 + ω2cn + sm5m µ)2 +m2 −m25.
(13)
For the n > 0 Landau levels, the spin degree of freedom
s = ±1 appears explicitly. In Fig. 2 we plot the Landau
level spectrum for n = 0 and n > 0. The all important
difference between the eigenenergies for n = 0 and n > 0
is that, while ετ,s,nµ (k3) with n > 0 is an even function of
k3 for any value of m, m5 and µ, the energy ε
τ,0
µ (k3) with
n = 0 is not. That means that, when taking the deriva-
tive with respect to k3 and integrating over a symmetric
interval, the n > 0 Landau levels, similarly to the CME
in the Hermitian case, will not contribute to the integral
in (11), but the Lowest Landau Level n = 0 will do.
The result of the calculation (11) turns out to be:
⟨J⟩ = e2
2pi2
m5
m
µB, (for m25 ⩽m2). (14)
This is the principal result of this Letter. For non-zero
values of the non-Hermitian mass m5, which is the pa-
rameter that controls the non-Hermiticity of H, there is a
non-vanishing CME in equilibrium for massive fermions.
4The result (14) holds in the PT -unbroken phase with
m25 ⩽m2, where the energy spectrum, Eqs. (12) and (13),
is real and the non-Hermitian model (2) is unitary.
Computation of the Chiral Separation Effect.- The
Chiral Separation Effect (CSE) generates the axial cur-
rent given by the difference between the currents at right-
and left-handed Weyl cones, J5 = JR − JL [28, 29]. The
CSE is obtained by computing the average value of the
chiral current, represented by the operator J i5 = eαiγ5.
We follow the same route as in the case of the CME.
We compute J5 by adding a term b3α3γ5 to the Hamil-
tonian (6) and calculating the energy spectrum in pres-
ence of the parameter b3. Then, we apply the Hellmann–
Feynman theorem to it, taking the derivative with re-
spect to b3 and constructing the expectation value for
each Landau level. We send the parameter b3 to zero
after the calculation.
A lengthy but straightforward calculation shows that
for the n > 0 sector, ∂ε`µ(k3, b3)/∂b3 is an odd function
of k3 in the limit b3 → 0 for all values of m, m5, and µ.
Thus, the integral over k3 is zero and the n > 0 states
do not contribute to the CSE. In contrast, for the n = 0
sector, we simply have
ετ,0µ (k3, b3) = b3 − µ + τ√(k3 − m5m µ)2 +m2 −m25, (15)
so that ∂ε`µ(k3, b3)/∂b3 = 1, and
⟨J35 ⟩ = e2B34pi2 ∑τ=±1∫ ∞−∞ dk3nF (ετ,0µ (k3, b3 = 0)). (16)
Performing the integral and renormalizing the result at
the Fermi surface, we arrive to the non-Hermitian CSE:
⟨J5⟩ = e2B
2pi2
√
µ2 −M2 Θ[µ2 −M2] signµ, (17)
where the mass of a quasiparticle M = √m2 −m25 is a
real-valued quantity in the PT -unbroken region. This
result coincides with the CSE current in the Hermitian
QED with a fermion of mass M [30]. At the exceptional
point, m = m5, the fermion quasiparticle becomes mass-
less, M = 0, and the non-Hermitian current (17) reduces
to the known Hermitian result ⟨J5⟩ = e2µB/(2pi2).
Conclusions.- In the present Letter we have demon-
strated that the CME in equilibrium is possible for open
non-Hermitian systems (14). The key ingredient is to re-
alize that the CME is zero if a vector charge conservation
is imposed in the system. However, the charge conser-
vation, associated to the U(1) symmetry, is not fulfilled
in the non-Hermitian systems contrary to conventional
Hermitian ones.
Another fact to pay attention is that the metric oper-
ator η associated with the pseudo-Hermiticity condition
(ηH = H†η) is not unique. While there is no practi-
cal consequence of this regarding the construction of a
biorthogonal basis [31] (the average of observables do not
depend on any particular choice of the metric operator),
this observation is relevant as we can associate different
chemical potentials to different metric operators (6) un-
derstood as conserved quantities in the non-Hermitian
sense. Interestingly, all the metric operators are related
to each other by a similarity transformation [32], so we
can generalize the results obtained here to other chemical
potentials by modifying the spectrum correspondingly.
The CSE in the non-Hermitian system has the stan-
dard Hermitian form for a massive particle (17).
Finally, to the best of our knowledge, there are no ex-
perimental realizations of fermionic non-Hermitian sys-
tems possessing real spectrum to test our predictions.
However, there are impressive experimental advances in
the area of non-Hermitian PT −symmetric photonic sys-
tems and other condensed matter analogs [33, 34]. In
fact, it has been recently proposed the experimental ob-
servation of the CME employing superconducting quan-
tum circuit technology, and synthetic magnetic fields [35].
We suggest the same experimental setup to test our
theory, by extending the experimental setup with equal
gain-loss [36]. Besides, other topological equilibrium ef-
fects similar to the CME have been proposed to occur in
electromagnetism [37–40], being the optical helicity and
the optical chirality the electromagnetic symmetries that
play the role of the chiral symmetry in ultrarelativistic
fermionic systems. There, the biorthogonal formalism
have probed to be useful to handle the effect of dissipa-
tion and loss in electromagnetism [41, 42]. The natural
question is then to see how the topologically-related re-
sponses associated to these symmetries are modified by
the presence of non-Hermitian effects.
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6SUPPLEMENTARY MATERIAL OF
“Non-Hermitian Chiral Magnetic Effect in
Equilibrium”
The Hellmann–Feynman theorem
for biorthogonal systems
In this Appendix we give a proof of the extension of
the Hellmann–Feynman theorem to biorthogonal systems
with real spectrum.
As discussed in the main text, the biorthogonal basis
is constructed with two set of states satisfying
H ∣n⟩ = εn ∣n⟩ , H† ∣n⟩ = εn ∣n⟩ , (18)⟨n∣H† = ⟨n∣ εn, ⟨n∣H = ⟨n∣ εn, (19)
together with the normalization ⟨n∣n′⟩ = ⟨n′∣n⟩ = δnn′ .
Let us consider a Hamiltonian H depending on some
parameter λ. To ease notation, we will keep the depen-
dence with the generic parameter λ implicit in the eigen-
states and eigenvalues. We are interested in computing
the averaged value
⟨n∣∂H
∂λ
∣n⟩ . (20)
Then, we compute
∂
∂λ
⟨n∣H ∣n⟩ = ∂
∂λ
(εn ⟨n∣n⟩)
= ⟨ ∂
∂λ
n∣H ∣n⟩ + ⟨n∣H ∣ ∂
∂λ
n⟩ + ⟨n∣∂H
∂λ
∣n⟩
= εn ∂
∂λ
(⟨n∣n⟩) + ⟨n∣∂H
∂λ
∣n⟩ . (21)
We used here that ∣n⟩ and ∣n⟩ are eigenstates of H and
H† with the same eigenvalue εn. Simplifying a little, we
finally get the result we wanted to prove:
∂εn
∂λ
= ⟨n∣∂H
∂λ
∣n⟩ . (22)
Thermal equilibrium condition
in quasi-Hermitian systems
For Hermitian systems, the condition of thermal
equilibrium can be formally established by showing
that the Hermitian system satisfies the Kubo-Martin-
Schwinger (KMS) boundary condition for the imaginary-
time propagator[23]. For quasi-Hermitian systems, it is
possible to describe equilibrium in the same way, mak-
ing use of the existing non-unitary mapping between the
non-Hermitian and Hermitian Hamiltonians. In what fol-
lows, we will restrict ourselves to non-Hermitian systems
described by Hamiltonian operators that do not depend
on time.
Let us consider two operators A(τ) and B(τ) in the
Heisenberg picture in the imaginary time formalism, de-
scribed by the HamiltonianH. We consider that chemical
potentials associated to symmetries of the problem are al-
ready included in H as in Eq. (6). The KMS condition
can be stated as the following identity:
Tr[e−βHA(τ)B(τ ′)] = Tr[e−βHB(τ ′)A(τ + β)]. (23)
If A = ψ† and B = ψ are field operators that anti-
commute, we have
Tr[e−βHψ†(0)ψ(τ ′))] = −Tr[e−βHψ†(β)ψ(τ ′)]. (24)
As explained in [26], this means that the thermal aver-
aged propagator ⟨Tψ†(τ)ψ(τ ′)⟩ (T refers to the Dyson
time ordering) is an antiperiodic function of the imagi-
nary time τ with the period β. This allows the develop-
ment of all the machinery of thermal field theory.
In order to show how this works for quasi-Hermitian
systems, it is enough to show that, for a quasi-Hermitian
Hamiltonian, it is possible to construct an Hermitian
partner through a non-unitary mapping between them,
so we map the statistical averages using the biorthogo-
nal basis in the non-Hermitian case, map them to their
Hermitian counterparts, establish the KMS condition in
the latter, and going back to the non-Hermitian case in-
verting the mentioned mapping.
As demonstrated in [27], the existence of a metric op-
erator η allows us to define the non-unitary mapping S
of some quasi-Hermitian Hamiltonian H to an Hermitian
partner Hˆ, with Hˆ = Hˆ† (we will denote the Hermitian
partners of operators with the hat symbolˆ):Hˆ = SHS−1. (25)
We can define the Hermitian partner of any operator as-
sociated to the quasi-Hermitian system in the same way:
Oˆ = SOS−1. (26)
This includes the field operators Ψ and Ψ† in the second
quantization formalism. As discussed in the main text,
the existence of the metric operator η allows us to con-
struct a well behaved scalar product in the Hilbert space
and to construct biorthogonal basis sets, ∣n⟩ and ∣n⟩. In
this way, we can define the following statistical average
(here we will use the suffix bi to denote the statistical
average with the biorthogonal basis):
⟨O⟩bi ≡∑
n
⟨φ†ne−βHOψn⟩ =∑
n
1⟨ψ†nηψn⟩ ⟨ψ†nηe−βHOψn⟩
=∑
n
1⟨ψˆ†nψˆn⟩ ⟨ψˆ†n S−1Sdcurly
1
SS−1dcurly
1
e−βHˆ SS−1dcurly
1
Oˆ SS−1dcurly
1
ψˆn⟩
=∑
n
⟨ψˆ†ne−βHˆOˆψˆn⟩ = ⟨Oˆ⟩ . (27)
In the second line we have used η = SS (S† = S in
our particular case), and that the eigenstates of the non-
Hermitian H are related to the eigenstates of the Hermi-
tian partner Hˆ through ψˆn = Sψn. Also, we consider that
7the states ψn of the Hermitian partner are conveniently
normalized:⟨ψˆ†nψˆn⟩ = 1 .
To guarantee the proper normalization of (27), we need
to relate the partition function in the quasi-Hermitian
system and its Hermitian partner. This is a particular
case of the previous identity, as we can choose O = 1
and obtain the equality of the corresponding partition
functions:
Zbi =∑
n
⟨φ†ne−βHψn⟩ =∑
n
⟨ψ†nηe−βHψn⟩⟨ψ†nηψn⟩ =∑n 1⟨ψˆ†nψˆn⟩ ⟨ψˆ†n S−1Sdcurly
1
SS−1dcurly
1
e−βHˆ SS−1dcurly
1
ψˆn⟩ =∑
n
⟨ψˆ†ne−βHˆψˆn⟩ = Zˆ, (28)
where we have denoted the partition function of the Her-
mitian partner by Zˆ.
We can generalize (27) to any product of field opera-
tors. Then we obtain that⟨Ψ†(0)Ψ(τ ′)⟩
bi
= ⟨Ψˆ†(0)Ψˆ(τ ′)⟩= − ⟨Ψˆ†(β)Ψˆ(τ ′)⟩ = − ⟨Ψ(β)Ψ(τ ′)⟩bi , (29)
so we conclude that the averages performed with the
biorthogonal basis and with the density matrix ρ = e−βH
satisfy a KMS boundary condition and thus this state
defines a thermal state in equilibrium, since it is trivial
to modify the previous reasoning by including the Dyson
time ordering operation. Also, this reasoning justifies
the definition of the discrete-frequency Green function
G0(iωn) in Eq.(8) of the main text.
